Abstract The aim of this prospective study was to assess the clinical outcomes of an unstable fracture of the lateral end of the clavicle treated with an arthroscopic-assisted locking compressive plate (LCP) clavicular hook plate. Twenty-three patients underwent arthroscopic assisted LCP clavicular hook plate fixation for these fractures. All patients achieved clinical and radiological union over a mean of 4.2 months (range, 3.4-5 months). Four patients (17%) showed some degree of acromial osteolysis. Three patients (13%) showed radiological signs of arthrosis of the acromioclavicular joint. In one patient, a second fracture (stress) was observed between the medial two screws of the plate without an additional injury. Five patients (22%) showed subacromial bursitis on dynamic ultrasonography. The mean Constant and Murley score was 91 points (range, 81-98). The average level of pain in the shoulder at rest and on abduction was 1 (range, 0-2) and 2.4 (range, 0-4), respectively. Based on our experience, arthroscopic-assisted LCP hook plate fixation for the treatment of unstable fractures of the lateral end of the clavicle is not without complications. However, it is an acceptable alternative method that is easy to apply with good results. Furthermore, it prevents rotator cuff impingement, allows early mobilisation and maintains the acromioclavicular joint biomechanics.
Introduction
Fractures of the lateral end of the clavicle account for 12-15% of all clavicle fractures [4] . Types I and III fractures can be treated conservatively. However, type II fractures (distal clavicular fracture with a disruption of the coracoclavicular ligaments) are unstable due to the four displacing forces that retard union [22] . The weight of the arm pulls the lateral fragment away from the medial fragment [4] . The rate of non-union in these fractures is as high as 22-50% [14, 24] . Non-surgical treatments for these fractures are associated with a higher incidence of residual shoulder dysfunction and non-union compared to those treated surgically [6, 15] . Many studies recommend an open reduction and internal fixation [1, 6, 8, 17] , but there is no consensus regarding the ideal method to produce the best functional outcome. Various types of fixation techniques have been recommended, such as transarticular or extraarticular Kirschner wire fixation [7, 22] , coracoclavicular screw fixation [26] , and tension band wire fixation [23] . However, these techniques are associated with considerable risk of complications, particularly the loss of reduction, pin migration, skin ulceration due to pin irritation, and acromioclavicular (AC) joint degeneration [17, 19] . It is difficult to achieve rigid fixation and early mobilisation because the distal fragment is usually small, comminuted, and the metaphysis bone is soft. Therefore, a hooked plate with an extension under the acromion has been developed to provide more stable fixation. In 1983, the clavicular hook plate was first used in two patients with distal clavicular fractures with substantial advantages over conventional methods, including a low risk of complications [25] . Thereafter, other types of clavicular hook plates have been developed with good clinical results [5, 9, 10] . However, some studies have raised issues, such as the high rate of serious complications including subacromial impingement, rotator cuff injury, fracture of the clavicle at the medial end of the plate, and fixation failure of the hook plate in elderly people with osteoporosis [2, 16, 18, 20] .
Recently, the locking compressive plate (LCP) clavicular hook plate was introduced. Angular stable fixation of the fragments regardless of the bone quality and the lower risk of primary and secondary loss of reduction are possible using this LCP plate. Moreover, an arthroscopic confirming procedure was added to the surgical procedure after temporary fixation of the plate to prevent rotator cuff injury by the hook of the plate.
The purpose of this study was to evaluate the clinical outcome of unstable fractures of the lateral end of the clavicle treated with an arthroscopic-assisted LCP clavicular hook plate. The functional recovery and the surgical complications including subacromial impingement, rotator cuff damage, and fixation failure were also analysed.
Materials and methods
Our Institutional Review Board approved this study, and all patients who had been treated with the procedure under study were available for review.
Twenty-three consecutive patients with unstable fractures of the lateral end of clavicle were treated surgically between January 2008 and April 2009. The patients were treated with a LCP clavicular hook plate (Synthes, Oberdorf, Switzerland). The inclusion criteria for this study were (1) Neer type II fractures, (2) unilateral fractures, (3) more than a six-month follow-up after surgery, and (4) normal shoulder function before injury. The exclusion criteria included patients with acromioclavicular joint dislocation, pathological fractures, previous surgery on the affected clavicle or shoulder, and hemiparesis. All procedures were performed by one of two surgeons.
Specifics of implant design
The LCP clavicular hook plate comes in both stainless steel and titanium versions. The titanium version was used in this study. The LCP clavicular hook plate is an anatomically pre-contoured plate that facilitates optimal implant placement to provide an improved outcome. The shaft of the plate undercuts and reduces the impairment of blood supply to the bone. The shaft is bent 12°to make implant placement easier. The LCP clavicular hook plate is available in four different lengths (4-to 7-hole plates) and three different hook depths (12, 15 , and 18 mm) with a left and right version for optimal sizing and screw (3.5 mm) positioning for each individual patient (Fig. 1) . The lateral end of the plate is broad and has two screw holes that can potentially offer good stability and allow early mobilisation. The posterior half of the lateral end of the plate extends further as a hook. Anatomically, the hook is placed under the acromion, which acts as a lever to elevate the lateral fragment and maintain firm anatomical reduction without damaging the acromioclavicular joint. Unlike the conventional form of a plate, which involves the application of a locking compressive plate, the LCP clavicular hook plate has advantages in that stable angular fixation of the fragments, regardless of bone quality and good purchase, is also possible in osteoporotic bone and multifragment fractures (Synthes).
Surgical technique
Under general or regional (interscalene) anaesthesia, the patient is placed in the beach chair position on a radiolucent operating table. A curved incision is made on the lateral third of the clavicle. The deltoid insertion over the clavicle is detached partially with a periosteal elevator. The fracture site is exposed and reduced with temporary Kirshner wire fixation. The plate is selected based on the fracture length and thickness of the acromion process, as measured by preoperative radiographs of the acromion or application of intraoperative trial implants (12, 15 , and 18 mm depth). The appropriate plate is selected and the hook is passed under the acromion posterior to the acromioclavicular joint. When necessary, the plate is bent between the combi-holes to fit the shape of the clavicle. The plate is fixed temporarily using a screw through the most medial plate hole. The plate position is assessed fluoroscopically to confirm that full shoulder motion, particularly in abduction and external rotation, can be achieved without impinging on the humeral head by the hook. However, these procedures did not accurately evaluate the presence of impingement of the hook of the plate and rotator cuff. Accordingly, an arthroscopic evaluation procedure was also performed in this study. A 3.5 mm, 30°angled arthroscope (ConMed Linvatec, Largo, FL) was inserted using a standard posterior or lateral portal. In this setting, passive full shoulder motion was performed. Definitive fixation with screws was performed after confirming that the hook was not impinged on the rotator cuff. In fixing two screws on the lateral part, both cortices (near and far cortex) were predrilled in all cases for stable fixation because the bone is soft. A locking screw, whose length was identical to that of both cortices, was then inserted. Depending on the type of fracture, an interfragmentary screw was also used if necessary. However, wiring or Kirshner wires were not used (Fig. 2) . A sling was applied in the immediate postoperative period for comfort. Active mobilisation was allowed from the second postoperative day, and full range of motion was usually achieved after three to four weeks. Heavy manual work was not permitted until solid union of the fracture was observed.
Patients and evaluations
There were 23 patients, 19 men and four women, with a mean age of 43 years (range, 21-74 years). The right and left shoulder was involved in 15 and eight patients, respectively. The causes of injury were a simple fall in 12 cases, a bicycle accident in six, a traffic accident in four, and a fall from height in one case. All patients were operated on within seven days of the injury using a LCP clavicular hook plate. The patients were evaluated clinically and radiologically, and the mean follow-up period was 13 months (range, 6-21 months).
The functional outcomes were assessed using the shoulder scoring system described by Constant and Murley [3] . In this system, both the subjective and objective clinical data were included, with a maximum score of 100 points. Pain (15 points), the activities of daily living (20 points), range of shoulder motion (40 points), and muscle power (25 points) were evaluated. Furthermore, the patients were asked to evaluate the shoulder function of the injured shoulder compared to the other shoulder on a visual analogue scale (VAS) and patient satisfaction rating with the shoulder. After osteosynthesis, plain radiographs (anteroposterior and axial radiographs) were taken once every four weeks for all patients. The radiographs were examined for any evidence of fracture healing, implant failure or plate migration. Radiographic healing was defined as any evidence of bridging callus across the fracture sites or the obliteration of fracture lines.
Results
Radiographic bony union was obtained in all patients, and the mean period required for healing was 4.2 months (range, 3.4-5 months). The hook plate was removed from all patients after bony union, and the mean period between surgery and plate removal was 5.1 months (range, 3.6-7 months). Four patients (17%) showed some degree of acromial osteolysis. However, these were not symptomatic clinically. Three (13%) of the 23 patients showed radiological signs of arthrosis of the acromioclavicular joint (irregularities of the clavicle joint surface/mild osteophyte). Only one of these patients (4%) experienced clinical symptoms of arthrosis. No fractures of the acromion were encountered. In one patient, on week seven after the initial operation, a second fracture occurred between two screws of the medial portion of a plate without a new injury and the screws were cut-out (Fig. 3) . The shoulder was immobilised in a broad arm sling until both fractures healed. The plate was removed three months later. Plate bending to fit the shape of the clavicle was performed in 16 patients (70%).
In this study, after fracture union, but prior to removal of the plate, an evaluation of the rotator cuff injury was also performed. An ultrasonographic examination was used to assess the impingement of the rotator cuff and hook of the plate in 21 patients. As a result, there were no cases of rotator cuff injury. The ultrasonographic findings revealed five patients (22%) with bursitis. Of these, three cases had Fig. 1 The LCP clavicular hook plates. The plate is available in four different lengths (4-to 7-combi-hole plates) and three different hook depths (12, 15 , and 18 mm) with a left and right version for optimal sizing and screw fixation concurrent of acromial osteoylsis due to hook migration and bursitis. In the cases in which the clinical symptoms were manifested, there was only one case in which bursitis only was present without hook migration. However, after plate removal, the symptoms improved without specific treatment (Fig. 4) . One case of a superficial wound infection was treated successfully with oral antibiotics and local wound care.
The mean score for the affected shoulder using the scoring system of Constant and Murley was 91 points (range, 81-98), and the mean score for the contralateral shoulder was 95 points (range, 89-100). The average pain in the shoulder at rest and on abduction was 1 (range, 0-2) and 2.4 (range, 0-4), respectively. The patients were asked to grade their shoulder. All but two cases (91%) had returned to their previous work four months after surgery. Twenty patients (87%) could perform the same athletic activities six months after surgery. 
Discussion
This study demonstrates that good treatment outcomes can be achieved for unstable fractures of the lateral end of the clavicle using an arthroscopic-assisted LCP clavicular hook plate.
Fractures of the lateral end of the clavicle represent 10% of clavicular fractures [15] that are associated with a nonunion rate of 22-50% if treated conservatively [14, 15, 24] . This high incidence of non-union may be due to the underlying soft tissue damage and/or soft tissue interposition between the fracture fragments [6, 15] . Therefore, surgery is recommended for unstable distal clavicular fractures. Several surgical methods have been proposed; however, all are associated with problems and there is no consensus regarding the best method to provide the optimal clinical results.
In 1983, the clavicular hook plate (Balser plate) was first used in two patients with distal clavicular fractures [25] . Various clavicular hook plates have since been developed to stabilise distal clavicular fractures. Initially, during surgery for a fracture, the presence of impingement of the hook of the plate and humeral head can be determined by fluoroscopy. However, impingement of the hook and rotator cuff cannot be examined. Accordingly, in this study, only one screw was inserted temporarily into the most medial part of the plate and this was followed by an arthroscopic evaluation in order to prevent rotator cuff injury due to the hook of the plate. An arthroscopy examination was performed through the standard posterior or lateral portal. Passive mobilisation of the shoulder was attempted. It was confirmed that there was no impingement of the hook and rotator cuff in exercises from all directions. Following this confirmation, the other screws were fixed. At this time, when impingement was identified, a plate with another hook depth was used or a hook portion was bent to prevent impingement. In addition, after bone union was achieved prior to removing the plate at an outpatient clinic, 21 patients were tested for the presence of rotator cuff injury using dynamic ultrasonography. There was no rotator cuff injury in any of the patients. Ultrasonography revealed five patients (22%) with bursitis. Of them, only one case showed clinical symptoms. After removing the plate, the symptoms improved without specific treatment. These results show that the arthroscopic-assisted procedure plays a very important role in preventing rotator cuff injury.
Biomechanical studies have shown that rotational movement occurs between the clavicle and scapula during flexion and abduction of the humerus [11] . This causes problems with rigid fixation methods. The hook plate is designed to address this problem [11, 12] . Because hook plate fixation maintains the biomechanics of the acromioclavicular joint, it allows some degree of early mobilisation The patient achieved a full range of shoulder motion, but she complained of mild shoulder discomfort. Ultrasonography showed subacromial bursitis. Abbreviations: A acromion, H hook of the plate, RC rotator cuff, HH humeral head. c Arthroscopic view shows subacromial bursitis. The plate was removed and a combined arthroscopic debridement and partial bursectomy was performed. Abbreviations: A acromion, H hook of the plate, B subacromial bursitis [12] and avoids the need for a reconstruction of the coracoclavicular ligaments. However, subacromial impingement or bony erosion of the acromion tip can occur due to the concentration of stress on the hook of a plate. Some authors maintain that only a restricted range of movement should be permitted before removing the plate [2, 12] . However, other authors report that an early and full range of motion did not affect hook migration. In contrast, the unstable fragment is fixed with a lever on the hook. Therefore, some degree of hook migration may be unavoidable [21] . In this study, four patients (17%) developed some degree of hook migration. All of these four cases were in the group of seven cases in which the plate had not been bent. It was assumed that forced fixation of the plate to the clavicle caused a pressure concentration to the hook itself and then produced hook migration. The appropriate bending of the hook was performed to prevent forced fixation of the plate to the clavicle and the hook was engaged securely under the acromion. A hook plate with a greater depth can be used (hook depth is 12, 15, and 18 mm) to easily apply a plate without plate bending. However, in this setting, there is a higher likelihood that the impingement of the hook of a plate and rotator cuff or humeral head might occur. Therefore, the plate was used after bending. However, long-term hook plate fixation has a considerable risk of complications, such as hook impingement, rotator cuff damage and acromial fracture. Accordingly, early removal of the plate was performed in all cases (mean 5.1 months) once bone union had been achieved.
Screw loosening and fixation failure have been reported with the use of a clavicular hook plate, particularly in elderly people (over 60 years old) [2, 13, 18] . This has been reported to occur as a result of poor bone quality. Accordingly in elderly people, delayed rehabilitation was performed, which led to shoulder stiffness [2] . However, a locking plate was used in our study. Two locking screws were inserted through the wide lateral part of the plate into the lateral fragment of the fracture. Therefore, firm and stable fixation could be achieved in elderly people, and there were no complications, such as fixation failure. In these people, an early range of motion can be performed. In one patient, a displaced fracture of the lateral end of the clavicle was sustained, which was managed using fixation using a six-hole hook plate. Seven weeks later, a second fracture (stress) was observed between the medial two screws of the plate without an additional injury. A review of the literature showed that after plate fixation, a second fracture can occur at the medial end of a plate because of a new injury. In addition, screw cut-out from the clavicle can occur in patients with osteoporosis [2, 13] . However, there was no new injury or osteoporosis in our cases. In this patient, no plate bending was performed to fix the plate, and fixation was performed using forceful levering. This was assumed to be the cause of the second stress fracture due to the concentration of stress on the medial portion of a plate in the clavicle.
The LCP clavicular hook plate is designed anatomically precontoured to fit the acromion and clavicle. However, further improvements in plate design may be necessary because bending of the plate was required in 16 patients (70%) where it did not fit the curve of the acromioclavicular joint. The need for a second surgical procedure to remove the implant in order to avoid progressive acromial osteolysis is a significant disadvantage of this technique. To our knowledge, this is the first report of arthroscopicassisted LCP clavicular hook plate fixation for unstable fractures of the lateral end of the clavicle.
These results suggest that the treatment of unstable fractures of the lateral end of the clavicle using arthroscopic-assisted LCP clavicular hook plate fixation is not without complications. However, it is an acceptable alternative method that is easy to apply with good results. In addition, it prevents rotator cuff impingement, allows early mobilisation and maintains the acromioclavicular joint biomechanics.
